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INTRODUCTION
Lakes and swamps, where there is acumulation of organic matter, the microoganisms influence the course of reactions involving dissolutions of iron minerals, like goethite (α-FeOOH) and hematite (α-Fe 2 O 3 ) 1, 2 . Microorganisms play an important role in the natural environment by determining the speciation of Fe. They can also cause considerable Fe accumulation through biomineralization. These microorganisms obtain their energy by electron transfer from a reduced species to an oxidized one. The most common electron acceptor in the natural environment is Fe, and because of its widespread abundance groundwaters are generally reduced due to the activity of the Fe-reducing bacteria 3, 4 . Microbiologic reduction of Fe 3+ oxides associated with organic matter were investigated using dissimulatory metal reducing bacteria (DMRB) in bicarbonate buffer, phosphate and anthraquinone-2, 6-dissulfonate (AQDS), a humic acid analogue. Under anoxic conditions the microorganisms can use Fe 3+ or Mn 4+ as electron acceptors coupled to the oxidation of organic matter and gain energy for maintenance and growth from such reactions 3 . DMRB are common in groundwaters, lakes, swamps and sediments and influence the aqueous geochemistry, surface chemistry and mineralogy of these environments 2, 3, 5 . The formation of siderite, magnetite and vivianite are generally attributed to the activity of DMRB 6 . The purpose of this work is to show an example of microbial oxidation coupled to Fe 3+ reduction ocurring in lateritic iron crust submitted to lakes and swamp environment located at Padauari, Amazon region, Brazil where it has been observed the formation of the pair vivianite-siderite. The formation of these minerals is discussed here and is interpreted on the basis chemical equilibrium studies.
EXPERIMENTAL Sampling
The samples used in the study were colletected at Padauari region in the Barcelos province, State of Amazonas, Brazil. This region is dominated by swamps and lakes, which make a typical hydromorphic environment, developed over lateritic terrains representd by iron crust and latosols 7, 8 .
Analytical techniques
The samples were analized by optical microscopy, X-ray diffraction (XRD), using a Philips model PW 3710 diffractometer and Ni-filtered CuKα radiation, scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS).
Construction of the Eh-pH diagram
The study about stability fields of the iron minerals were based: equilibrium relationship in system Fe + H 2 (Table 1 ). The mechanics of constructing Eh-pH diagram is illustrated by a detailed development of half-reactions, equations and calculations showing the stability limits of water; the stability of iron oxides and stability relations of iron hydroxides and activities of ions in equilibrium with iron oxides.
The stability of water
The upper limit of water stability was determined as the equilibrium between water and oxygen at P= 1 atm. This relation is shown by reaction (1) and Equations (1-5) and can be plotted wich Eh and pH as ordinate and abscissa, respectively.
The corresponding half-cell potential is given by
Here Eh is the half-cell potential relative to the standard hydrogen electrode; E o is the standard half-cell potential, i.e., the voltage of the half-cell when the activities are unity for all species entering into the half-reaction. For the half-reaction aA + bB cC + dD + ne (2) (1) yields, for 25
All calculation in the following are made 25 o C and 1 atmosphere total pressure; activities of pure solids and pure liquids are taken to be unity, and the activity of a gas phase is taken to be iqual to its pressure. From reaction (1)
To obtain E o for the reaction, the standard free energy is obtained and is substituted in Equation (4) (4) First, the standard free energy is obtained 
The standard free energy of reaction (5) The reaction between native iron and magnetite is a straight line on the Eh-pH plot, and has the same slope as the water stability boundary lines. This reaction lies below the lower limit of water stability, and therefore the reaction cannot take place stably in the presence of water.
For the oxidation of magnetite to hematite 
Stability relation of iron hydroxides
For the relation between ferric hydroxide (this precipitate is unstable with respect to both hematite and goethite) and hematite 2Fe(OH) 3 Fe 
RESULTS AND DISCUSSION

Mineralogical and chemical compositions
The samples investigated correspond a pisolitic to massive lateritic iron crust (LIC). They show a pisolitic to sphaerolitic framework cemented by microcrystalline matrix and display a brown to red color. The massive LIC presents the same color and the sphaeroliths when present are sub-microscopic and may be broken. The main minerals are goethite, siderite and vivianite (Figures 1-2). Kaolinite and hematite are less frequent. Vivianite occurs as centimetric crystals isolated or drusiform. The siderite forms the matrix, replacing the previous goethite and hematite, and replace partly or completely the sphaerolithes or pisolites. It can be found in cavities where it develops large crystal aggregates. The vivianite occurs locally replacing goethite and hematite in the matrix but prefers precipitate along the void between sphaerolithe shells of vivianite and siderite. The large crystals forms preferable along the cavity walls. The textural framework shows that vivianite is formed after the formation of siderite. LIC bearing siderite and vivianite present textures (sphaeroliths and pisolites) and structures indicating dissolution and re-precipitation of iron minerals ( epigenetic alteration 7 ).
EDS analysis of siderite in the massive crust show some variations in the chemical composition (Table 2) . It was observed 
Lateritic iron crust: an example of bioreduction
The dissolution of lateritic crust by microbial catalysis accelerates the process by exerting control over the reaction kinetic and sometimes alters the course of the overall reaction. An example is the reduction of the Fe 3+ in the iron minerals such goethite or hematite [1] [2] [3] . The inference that bacteria enhance dissolution rates in nature is based on untested assumption that active bacteria have only one function that affects dissolution: they produce soluble dissolutions-promoting complexing ligants. But bacteria may produce dissolution-inhibinting organic compounds as well. Many organic compounds are known to irreversibly adsorb on mineral surfaces or to react with surfaces and solutions to produce stable secondary phases 13 . This adsorption and precipitation may have the effect of limiting the exchange between the mineral surface and the surrounding fluid. In such environments as lakes and swamps of the Amazon region, for example Padauari, takes place: production of humic substances. These substances were originated from the decompositions of organic debris and/or decay of lignin-freealgae 13, 14 ; the humic substances might sequester organic phosphoruscontaining molecules and render phosphate available through enzymatic hydrolysis. The phosphorus may be also originated from decay of phytoplankton and vertebrate. In the Amazon lakes and swamps are inhabited by rich colony of vertebrates, source of phosphor to water and sediments when they die. Most of the phosphorus within the monapatite inorganic phosphorus (NAIP) fraction is considered to be bonded to poorly crystalline hidrated oxides of iron and manganese, although in strongly environmental and poorly crystalline iron phosphates also may be present. NAIP adsorbed on by hydrated ferric oxides represents the main reservoir of bioavailable phosphorus in suspended particulate 13 ; interactions between the lateritic crust, the bottom of the lakes and swanps, with the water and organic matter; biodissolution of the fragments containing goethite and/or hematite coupled humic degradation with liberation of HCO 3 -and reduction of Fe 3+ ; initial reaction between Fe 2+ and HCO 3 -with formation of siderite and late reaction between Fe 2+ and HPO 4 2-with formation of vivianite.
Iron minerals equilibria
On the basis microbiologic reduction of synthetic iron oxides 5 and thermodynamic data obtained in the previous report 9-11 an equilibrium Eh-pH diagram was constructed to illustrate the environmental conditions under which vivianite and siderite are stable and are formed (Figure 3 ). This diagram shows area of dominance for dissolved species Fe 3+ and Fe 2+ as well as the fields of stability for goethite and hematite, represented as Fe(OH) 3 Figure 3 shows two areas indicated by A and B. The A area is the field domain for vivianite and B for siderite stabilitiy. In Padauari it was observed the metastable coexistence of the goethite with siderite and vivianite. This coexistence suggest that from a hypothetical point X it was initiated the dissolution of the goethite under conditions of Eh near 0.0 V and pH = 6-7. In moderately reducing conditions (near Eh = 0.1V) and concentration of dissolved iron abnormally high and low sulphur concentration the siderite can be precipitate. The conditions of low sulfide and high phosphate concentrations promotes the formation of vivianite. The field coexistence these minerals (goethite, siderite and vivianite) is very restrict and extends until dashed line, and explains why these minerals are found in very specific environment in Amazon. They are hydromorphic environment formed by swamps and lakes related to lowland and plain landscape developed over low permeable geologic substrate, high rainfall precipitation, a wet tropical climate
In the absence bacterial the reduction of the Fe 3+ or Mn 4+ never acquires importance because autoreduction is extremely slow and may occur depending on the pH and Eh of the milieu. As a result the dissolved species are mostly Fe 3+ or Mn 4+ .
CONCLUSIONS
The occurrence of vivianite and siderite in Padauari region occupied by extensive hydromorphic environments is more an example of iron minerals formation from the uptake of the lateritic iron crust by presence of aquatic humic substance and microorganisms. This aquatic humic substances are responsible for the over all spreading of black water in the Amazon.
The lakes and swamp from Padauari were favorable for biogenic dissoltion of iron minerals, such as goethite and hematite, where microorganisms can use Fe 3+ as electron acceptor coupled humic substances degradation. From these process was originated HCO 3 The pairs goethite-siderite and siderite-vivanite are meta-stable under conditions at low Eh (-0.3 to 0.0 V) and pH = 5.0-7.5, wich are the new minerals conditions of many ecossystem of the Amazon region, so that it makes possible to find those minerals association in varieties situations these region.
These results show that the formation of siderite and vivianite can be a very common process in the Amazon region, mainly because it carry a lot laterite describing its landscape.
